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A total of 100 isolates of Streptococcus dysgalact iae 
from bovine mastitis infections was used to evaluate and 
compare the biochemical reactions of the gram positive Combo 
Type 6 panel on the MicroScan autoSCANR system to a 
conventional procedure for identification of streptococci. 
Of the 100 isolates, 83.3% was identified as "Very Rare 
Biotype" by the MicroScan and classified as S. dysgalactiae 
by conventional methods. Of the remaining 16.7%, MicroScan 
identified 3.3% as Streptococcus morbillorum, 3.3% as 
Aerococcus viridians, 3.3% as Streptococcus 
constellatum/milleri, 1.7% as Streptococcus agalactiae, 1.7% 
as Streptococcus mitis, 1.7% as Streptococcus sanguis, and 
1.7% as Streptococcus intermidis/rni 1 leri. The 
identification of bacteria other than Very Rare Biotype can 
be attributed to code profiles listed in the MicroScan which 
demonstrate biochemical reactions similar to 
S. dysgalact iae. 
The antimicrobial susceptibility of 94 S. dysgalactiae 
isolates to 16 antibiotics was determined by the MicroScan 
system. Of the antibiotics tested, each demonstrated 
greater than 85% susceptibility against the 94 strains of S. 
dysgalactiae. Of the 16 antibiotics used in the MicroScan, 
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nine were compared to the standard Kirby-Bauer method and/or 
results obtained from the literature. S. dysgalactiae was 
reported as sensitive to penicillin on 89.4% of the strains 
tested by the MicroScan, 98.4% by the Kirby-Bauer method, 
and 98.0% by the literature references. In testing 94 
strains for susceptibility to gentamicin by two methods, 
MicroScan resulted in 98.0% comparability to literature 
values but 83.6% to the Kirby-Bauer technique. The other 
antibiotics tested on the MicroScan and compared to the 
Kirby-Bauer and/or literature values illustrated a 
comparison of greater than 90%. 
In this study, 36 isolates of S. dysgalactiae 
demonstrating resistance to tetracycline, single, and 
multiple antibiotics were analyzed for plasmids. The 
evidence of plasmids was not detected as analyzed by agarose 
gel electrophoresis. 
All 100 isolates of S. dysgalactiae, with the exception 
of one, were tested serologically for the presence of C 
antigen. Each isolate tested was classified as a Group C 
streptococci. 
Each of the 100 isolates was stored in 5% sheep red 
blood cells at -20°C for one year. Each isolate was 
revived, with the exception of one, and demonstrated 
characteristic streptococcal colony morphology. The storage 
recovery rate was 99% and is an acceptable storage method 
for streptococci. 
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INTRODUCTION AND LITERATURE REVIEW 
Bovine mastitis has been defined as an inflammation of 
the mammary gland and is usually the result of microbial 
invasion. Mastitis is characterized by chemical, physical 
and usually bacteriological changes in the milk and by 
pathological changes in the glandular tissue. Frequently, 
there is pain, swelling, heat, and induration of the mammary 
gland. However, in the subclinical form, glands with 
mastitis are not readily detected by palpation of the gland 
or visual examination of the milk; thus additional testing 
must be performed. One major indication of mastitis is the 
presence of increased numbers of leukocytes in the milk 
secretions. An increase in the number of leukocytes 
secreted from a gland is in reaction to tissue trauma. The 
type of trauma may be physical or infectious, and 
identification of the causative agent must be determined 
(6) . 
Bovine mastitis is the most costly disease that 
confronts the dairy farmer. In 1990 an estimated two 
million dollars in losses in the United States was 
attributed to mastitis because of treatment, reduced milk 
production and veterinary services (22). Since the 
livelihood of dairy farmers depends on the prevention and 
treatment of mastitis, it is essential to provide rapid 
1 
2 
identification and antibiotic susceptibility testing for 
these farmers. 
A variety of microorganisms have been indicated in the 
etiology of infectious bovine mastitis. The most commonly 
isolated microorganisms of bovine mastitis are Streptococcus 
agalactiae, Staphylococcus aureus and Escherichia coli. 
However, 84 microorganisms have been listed as causative 
agents of infectious bovine mastitis (6, 24). 
Streptococcus dysgalactiae has long been recognized as 
a causative agent of bovine mastitis. It was first 
described as a pathogenic microorganism in 1932 by 
Diernhofer and classified as a group-C streptococcus in 1933 
by Lancefield. This organism has been identified in 
extramammary sites of cattle, such as the vagina and 
tonsils. Infection is usually the result of poor milking 
hygiene or of injury in the teat area thereby leading to the 
invasion and subsequent infection (12). 
Infections caused by S. dysgalactiae are usually acute 
with the development of an enlarged, hard, hot and painful 
quarter of the mammary gland. Changes in the glandular 
material may be noted before any apparent changes in the 
milk secretions are detectable. The secretions, when 
detectable, are watery or serous with large yellow clots. 
Without treatment, S. dysgalactiae infections are usually 
self limiting with the affected quarter being permanently 
disabled (6, 20). 
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S. dys&alactise are gram positive oval shaped cells 
that occur in short to medium length chains. When grown on 
blood agar plates, they demonstrate either alpha, beta or 
gamma hemolysis, but generally a wide zone of alpha 
hemolysis is produced. Their optimum growth temperature 
range is 35°C - 37°C. Conventional biochemical 
identification protocol commences with a catalase test. 
Catalase negative streptococci are tested for the formation 
of acid from glucose, lactose, maltose, sucrose, and 
trehalose. No acid formation is typically seen with 
raffinose, inulin, glycerol, and mannitol. When tested, 
esculin is not hydrolyzed, hippurate is not attacked, 
ammonia is formed from arginine, and hyaluronidase is 
usually produced (11, 16). 
Even though S. dysgalactiae infections are generally 
self limiting, antibiotic therapy is essential for complete 
recovery of the mastitic area of the mammary gland. 
One major problem in antibiotic therapy of bovine mastitis 
is that antibiotic susceptibility results are usually 
interpreted using the National Council for Clinical 
Laboratory Standards (NCCLS) guidelines specific for levels 
obtainable in human serum (10). These guidelines lead to 
the dosage regimens being applied to human diseases and not 
bovine mastitis. 
Mastitis is a unique disease in that the infected organ 
is immunogically compromised and has limited availability to 
leukocytes. Once in the gland, leukocytes no longer have 
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access to a glucose energy source and their phagocytic 
potential is decreased. Antibiotics administered 
parenterally must have the capabilities of passing from the 
blood to the gland in high enough concentrations to be 
effective therapeutically- All of the conditions mentioned 
above reduce the usefulness of the presently used therapy 
guidelines. In all practicality, the current guidelines at 
best help to determine which antibiotic is most likely not 
to work. Successful treatment is difficult to predict; 
however, without therapy, the infected area of the gland 
will become dysfunctional with partial or complete loss of 
milk production (10). 
The resistance to multiple antimicrobial agents has 
been observed in most streptococcal species. However, 
S. dysgalactiae has demonstrated a greater percentage of 
strains resistant to multiple antibiotics than have 
S. agalactfse and S. uberis. Tetracycline, used in the 
treatment of animal diseases and as a food supplement, is 
one antibiotic that streptococci have demonstrated 
resistance. S. dysgalactiae strains are more likely to be 
resistant to tetracycline than other streptococcal strains 
with the degree of resistance being intermediate. Studies 
have shown that the administration of or exposure to 
antibiotics results in the emergence of resistant bacteria. 
These antibiotic resistant bacteria have been thought to 
represent a potential reservoir for the spread of antibiotic 
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resistance to other microorganisms either on plasmids or 
conjugative transposons (7, 8). 
Plasmids, which are known to code for antibiotic 
resistance, have been isolated from a number of 
streptococci. Since S. dysgalactiae has demonstrated 
multiple resistance to antibiotics and a high incidence of 
tetracycline resistance, the implication of plasmids cannot 
be excluded when investigating the resistance and use of 
antibiotic therapy in mastitis (8, 10, 16). 
The conventional identification methods for 
streptococci have been the means of identification for 
S. dysgalactiae. Because of the need for a more rapid means 
of identification and antibiotic susceptibility testing, the 
Microscan identification and susceptibility methods were 
chosen to compare with manual biochemical methods and with 
the Kirby-Bauer susceptibility testing method. 
The Microscan identification system can use as few as 
four colonies for the testing of twenty-four biochemicals in 
addition to antibiotic susceptibility testing. With this 
method, the testing is performed on colonies grown for 18 to 
24 hours on 5% sheep blood agar. After inoculation of the 
Microscan panel, identification and antibiotic 
susceptibility testing of the microorganism is accomplished 
within 24 hours. A total of 48 hours Is required from time 
of collection until time of identification and 
susceptibility testing. With this method, identification 
and antibiotic susceptibility testing can be accomplished 
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faster whereby proper antibiotic therapy can be administered 
earlier In the Infection (19). 
This investigation was conducted (1) to compare manual 
biochemical identification methods to Microscan 
identification system, (2) to compare Kirby-Bauer 
susceptibility testing to Microscan susceptibility testing, 
(3) to observe for patterns of antibiotic resistance of S. 
dysgalactiae, (4) to perform plasmid isolation of 
representative strains of S. dysgalactiae, and (5) to 
establish a database to be used in veterinary medicine for 
the identification of S. dysgalactiae with the Microscan 
identification system. 
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MATERIALS AND METHODS 
Bacteria 
A total of 100 S. dysgalactiae isolates were tested for 
biochemical reactivity and 94 for antibiotic susceptibility. 
The isolates were from bovine mastitis cases and were 
submitted to the Breathitt Veterinary Clinic associated with 
Murray State University In Hopkinsville, Kentucky. Each 
milk sample received was collected aseptically and submitted 
by veterinarians who practiced in the Western one-half of 
Kentucky. The samples were tested from January 8, 1992 
through January 18, 1993. 
After conventional biochemical reactivity and Kirby-
Bauer susceptibility testing were performed at the 
veterinary clinic, the bacterial samples were stored In 5% 
sheep blood at -70°C (13). Before being transported to T.J. 
Samson Hospital, the MicroScan testing site, organisms were 
subcultured on 5% sheep blood agar for 24 hours at 37°C. 
Propagation of bacterial samples 
Within 24 hours of receipt from Breathitt Veterinary 
Clinic, each organism was restreaked on 5% sheep blood agar 
plates for isolation and to determine If pure cultures had 
been received. The cultures were Incubated for 24 hours at 
37°C in a CO2 Incubator before biochemical reactivity and 
antibiotic susceptibility testing were performed. 
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Catalase testing and Conventional testing 
The first step in identification of the isolates was 
the catalase test in which all isolates were tested for 
their reaction with 3% (v/v) hydrogen peroxide (3). All 
isolates were identified by conventional biochemical methods 
(see below) performed at Breathitt Veterinary Clinic. 
MicroScan system 
D 
The MicroScan autoSCAN system was used for the rapid 
biochemical reactivity and susceptibility testing. A gram 
positive Combo Type 6 panel was stored at room temperature 
(22 to 26°C) prior to use. Panel and inoculum preparation, 
panel rehydration and Inoculation, biochemical overlays, and 
reading of the panels were performed according to the 
manufacturer's Instructions (19). All data were processed 
through the MicroScan computer system. 
Biochemical reactions 
The MicroScan Combo Type 6 panel uses 27 tests for the 
identification of the members of the families Micrococcaceae 
and Streptococcaceae and members of the genus Listeria. 
Identification is based on modified conventional and 
chromogenic test, by detection of pH changes, substrate 
utilization, growth in the presence of anti-microbial 
agents, or all three. Of these, 24 are used for the 
Ident ification of Streptococcus sp. (Table 1). The 
D 
biochemical reactions were interpreted on the autoSCAN 
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Table 1. MicroScan Biochemicals and Interpretations 
Biochemical Reagent Positive 
Crystal Violet 
Micrococcus Screen 
Novoviocin 
Optochin 
NaCl 
Bacitracin 
Nitrate 
PNP-0-D-
Glucuronide 
Phosphatase 
PNP-S-D-
Glactopyranoside 
Growth 
Negative 
No Growth 
1 drop 0.8% Pink to Red 
Sulfanilic Acid 
1 drop 0.5% 
N,N-Dimethyl-
alpha-napthy1-
amine 
Clear 
Yellow Clear 
Indoxyl Phosphatase Blue to Gray/ Clear or 
precipitate White 
Voges-Proskauer 
40% Bile Esculin 
L.-Pyrrol I donyl-
S-napthylamide 
Arginine 
1 drop 40% 
KOH and 
1 drop 5% 
Alpha Napthol 
Pink to Red 
2 drops 
Dark Brown 
to Black 
Red to 
Red Orange 
Pink to Red 
Clear to 
Brown May 
be Cloudy 
Clear to 
Light 
Yellow to 
Orange 
Yellow to 
Orange 
Urease 
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Table 1 — Cont inue-d 
Chemical Reagent Positive Negative 
Raff inose 
Lactose 
Trehalose 
Mannose 
Sorbitol 
Arabinose 
Ribose 
Inulin 
Mannitol 
Pyruvate 
Hemolysis 
Yellow 
to 
Orange 
Red to Red-
Orange 
Beta Alpha or 
Gamma 
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reader which detects a color change or growth in the wells. 
These changes are detected by an abridged spectrophotometer 
which measures the color intensity in each biochemical well, 
a biochemical profile. This biochemical profile produced an 
eight digit number, biotype, which was processed by the 
MicroScan computer System and compared to an established 
database (15, 19). 
Antibiotic susceptibility 
The MicroScan Combo Type 6 panel uses 36 antibiotics for 
susceptibility testing. Of these, 16 were used for the 
susceptibility profile for S. dysgalactiae (Table 2). 
Interpretations were based on NCCLS and/or MicroScan 
guidelines and interpreted as susceptible, moderately 
D 
susceptible, or resistant. The autoSCAN reader was used to 
detect the presence of growth in the antimicrobial wells. 
The intensity of light passing through the wells is directly 
proportional to the amount of growth present. The optical 
measurements were converted to electrical signals and 
processed by a central control unit on the MicroScan 
computer system (19). Streptococcal isolates were also 
tested for susceptibility to antibiotics by the Kirby-Bauer 
method (5) at the Breathitt Veterinary Clinic laboratory. 
In addition to the automated biochemical testing, each 
isolate was serotyped to ascertain whether they were a Group 
C streptococci. Isolates 1 through 39 were tested 
serologically at Breathitt Veterinary Clinic for Group C 
12 
Dilutions of Antibiotics on the MicroScan Type 6 
Combo Panel 
Antimicrobial Agent Dilutions 
mcg/ml 
Amikacin 16-32 
Amoxicllin/K Clavulanate 4/2-16/8 
Ampicl1 in CD M <12 •) 2 
Cef amanclole 8-16 
Cefazolin 8-16 
Cefotaz ime &
 9 32 
Ceftizoxime 8, 32 
Ceftriazone S y 32 
Cefuroxime 8-16 
Cephalothin 8-16 
Chloramphenicol 8-16 
Ciprofloxacin 1-2 
CIindamycin 0.5, 2 
Erythromycin 0.5, 4 
Gentamicin 4-8 
Im ipenem 4-8 
Nitrofurantoin 32-64 
Norfloxacin 4-8 
Oxacillin 2 
Penici1lin-Streptococci U « 1 2 y 2 
Rifampin 1-2 
Sulfamethoxazole 256 
Tetracycline 4-8 
Ticarici11in/K Clavulanate 2-4 
Trimethoprim/Sulfamethoxazole 2/38 
Vancomycin 4, 16 
Table 2. 
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activity by using a Strept Teck kit (Murex Diagnostics, 
Dartford Kent, England). A Bacto" Strept Grouping Kit was 
used for grouping of the remaining streptococci, 40 through 
101. With this method, 3 to 5 colonies were used for 
testing. The colonies were emulsified In extraction 
reagents 1, 2 and 3. After the extraction, 50 ul of this 
sample were tested using a Group C latex reagent and 
observed for agglutination (2). Positive and negative 
controls were processed to insure the validity of the test 
results. 
Plasmid analysis 
Plasmid analysis was performed using a modified 
procedure outlined In BioTechniques (13). Analysis was 
performed on all strains demonstrating resistance to 
tetracycline, multiple antibiotic resistance and a few 
isolates with single antibiotic resistance. As a reference, 
Enterococcus faecal is ATCC 14580 containing a 30kb plasmid 
was processed with each gel. Prior to testing, organisms 
were subcultured on 5% sheep blood agar and Incubated at 
35°C for 18 to 24 hours. Three to 4 colonies were 
transferred to 5 ml of Trypticase Soy Broth (TSB) and 
incubated overnight at 35°C. The cells were pelleted in a 
Sorvall Microspin 24S centrifuge at 15,000 x a at 4°C for 2 
minutes. The pelleted cells were washed in 0.5 ml of SET 
buffer (50mM NaCl, 30mM Tris-HCl, 5mM EDTA [pH 8]). The 
cells were again pelleted as above and the supernatant 
discarded. The pellet was suspended In 0.5 ml of ice cold 
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acetone and stored on ice for 10 minutes. The acetone was 
decanted and the cells centrifuged as above. The cells were 
lysed by adding 0.5 ml of lysis buffer which contained 10 U 
of mutanolysin (Sigma Chemical), 50 mM Tris-HCL (pH 6.5) 
which was mixed by gentle agitation. The solution was 
incubated for 30 minutes at 37°C. The suspension was 
centrifuged (15,000 x g, 15 minutes, 4°C), and the 
supernatant recovered. To the supernatant, 0.1 volume (50 
ul) of 7.5 M NH4 acetate and 2 volumes of absolute alcohol 
were added. This solution was centrifuged (15,000 x g, 15 
minutes, 4°C) the supernatant decanted and the tubes 
allowed to completely dry. The pellet was resuspended in 50 
ul of TE buffer, pH 7.4 (lOmM Tris-HCl, ImM EDTA, pH 8.0), 
and 10 ul loading dye were added to each tube. 
Analysis for plasmid DNA was determined by the ethidium 
bromide florescence method. The nucleic acid was spotted on 
an 0.7% agarose ethidium bromide gel and submerged in 
Tris-acetate (TAE) buffer (0.4M Tris and 0.5M EDTA, pH 8.0). 
Electrophoresis was for 1 hour at 100 V. The gels were 
visualized under ultraviolet light and photographed using 
black and white Polaroid 667 film (Polaroid Corporation, 
Cambridge, MA). 
Storage 
After initial testing, each isolate required storage 
for possible additional testing. The method chosen requires 
1 ml of sterile 5% sheep red blood cells per isolate and a 
temperature at or below -20°C. The 5% sheep red blood cells 
15 
were placed in sterile containers, inoculated with a loop of 
S. dysgalactiae and then frozen at -20°C. When needed for 
testing, the cells were subcultured on 5% sheep blood agar 
and incubated at 35°C for 18 to 24 hours. 
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RESULTS 
Catalase test arid Conventional Test 
All isolates were catalase negative. The conventional 
biochemical results are given in Table 3. All isolates 
demonstrated acid production from trehalose. Of the 
isolates, 9% produced acid with sorbitol, which is an 
acceptable biochemical reaction (23). All other biochemical 
reactions were negative. 
MicroScan Combo Type 6 panel 
The biochemical reactions of the 100 isolates of 
S. dysgalactiae tested by the MicroScan system are reported 
as percent positive in Table 4. A total of 60 different 
biotypes were identified by the MicroScan system. Each 
biotype with its specific biochemical reactions is given in 
Table 5. Of the 60 biotypes, 50 or 83.3% were identified as 
Very Rare Biotype and were classified as S. dysgalactiae by 
the conventional biochemicals performed at Breathitt 
Veterinary Clinic. However, ten or 16.7% of the biotypes, 
reported by MicroScan, corresponded to species other than S. 
dysgalactiae in the MicroScan computer system. Of these 10 
biotypes, 8 were Streptococcus sp. and 2 were Aerococcus sp. 
The MicroScan identification for each is given in Table 6. 
Streptococcus viridians, not a legitimate species name, is a 
common clinical term for alpha hemolytic streptococci. 
These bacteria are commonly isolated as part of the normal 
flora of the oral and respiratory tracts of humans and are 
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Table 3. Conventional Biochemical Results Performed at 
Breathitt Veterinary Clinic 
Substrate % Positive 
Trehalose 100 
Mannitol 0 
Salicin 0 
Sorbitol 9 
Inulin 0 
Esculin 0 
6.5% NaCI 0 
Note: All results are reported in percent positive. 
Table 4. Biochemical Reactions of the Microscan System 
Reported in Percent Positive 
Substrate % Positive 
Crystal Violet 84.5 
Micrococcus Screen 36.6 
Nitrate 0.0 
Voges-Proskauer 0.0 
Optochin 77.4 
Phosphatase 97.1 
Bile Esculin 0.0 
Pyruvate 0.0 
Arginine 69.0 
PNP-S-D-Galactopyranoside 91.5 
Urea 0.0 
Raff inose 0.0 
Lactose 97.1 
Trehalose 95.7 
Mannose 87.3 
6.5% NaCI 15.4 
Sorbitol 23.9 
Arabinose 11.2 
Ribose 95.7 
Inulin 0.0 
Mannitol 0.0 
Bacitracin 7.0 
Pyruvate 0.0 
Hemolysis 0.0 
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Table 5. Biochemical Reactions of S. dysgalactiae Using 
the MicroScan autoSCAN8 System 
Bio-Type Biocheaical Reactions3 
CV (IS NT VP OPT PHO BE PYR AR PGT URE RAF LAC TRE HNS NACL SOR ARA RBS INU HAN BAC PRV HE 
+ + 
+ 
+ + 
+ + 
+ 
+ + 
+ + 
+ - -
+ -
- + 
+ + 
+ 
+ + + 
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Table 5 - Continued 
Bio-Type Biocheaical Reactions8 
CV US NT VP OPT PflO BE PYR AR PGT URE RAF LAC TRE HNS NACL SOR ARA RBS INU HAN BAC PRV HE 
02047240 - - - - + - - - - + - - + + + - + - + 
03047040 - - - - + + - - - + - - + + + - - - + 
03047640 - -- - + + -- - + - - + + + + + - + - - - - -
00000044 - - - - - - - - - - - - - - - - . - + - - + - -
01047040 + -- - + - - + + + - - - + 
01000140 + + + 
00046440 + - - + + - + - - + 
01047140 - - - - - + -- - + - - + + + - - + + 
03147040 - - - - + + - - + + - - + + + - - - + - - - - -
00047040 + - - + + + + 
00007444 + + + + - - + - - + - -
01102640 + _ . + _ - - - + - + + - + 
01147440 + - - + + - - + + + + - - + - - - - -
01107040 + - - + - - - + + + - . - + - - - - -
01107340 + - - + - - - + + + - + + + - - - - -
01000140 + - - - - - - - - - - - + + 
00000040 - + 
+ = Positive 
- = Negative 
a
 CV, Crystal Violet; MS, Micrococcus screen; NT, nitrate reduction; VP, Voges-Proskauer; OPT, 
optochin; PH0, phosphatase; BE, bile esculin; PYR, pyruvate; AR, arginine; P6T, 
fl-D-galactopyranoside; URE, urease; RAF, raffinose; LAC, lactose; TRE, trehalose; (INS, mannose; NACL, 
6.5* NaCl; SOR, sorbitol; ARA, arabinose; RBS, ribose; INU, inulin; MAN, mannitol; BAC, bacitracin; 
PRV, pyruvate; HE, hemolysis. 
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Table 6. Sample Identification other than Very Rare Biotype D 
Identified by MicroScan autoSCAN System 
MicroScan Identification 
Streptococcus sangius 
Aerococcus viridans 
Streptococcus cons tell at urn/mi 11eri 
Streptococcus mitis 
Streptococcus agalactiae 
Streptococcus intermidis/mi11eri 
Streptococcus morbi 11 orutn 
Bio-type 
63147040 
63106000 
42047040 
43103040 
41000040 
23107444 
02047040 
01000140 
00000040 
Streptococcus constellatum 01107040 
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widely distributed in nature. Many characteristics of this 
group are variable, including biochemical and morphological 
characteristics. Streptococcus intermedius (02047040) and 
Streptococcus constellatus/mi1leri (41000040) are members of 
the viridians group and are classified in the species/group 
Streptococcus anginosus. This group of streptococci can 
possess either A, C, G or F antigens, and classification is 
dependent on the antigenic determinant. Also included In 
the viridians group are Streptococcus sanguis (63147040) 
and Streptococcus mitis (41000040). None of the viridians 
streptococci group has been implicated in bovine mastitis. 
Streptococcus morbi1lorum (00000044, 01000140, 00000040) is 
a microaerophi1ic streptococci and has been reclassified as 
Game11a morbi1lorum. G. morbi1lorum has been implicated in 
human infections but not in bovine mastitis. Aerococcus 
viridans (63106000, 42047040) is included in the family 
Streptococcaceae. It is an opportunistic human pathogen 
probably occurring naturally in the environment and has 
infrequently been isolated as the causative agent of bovine 
mastitis. viridians typically demonstrates growth in 
6.5% NaCI and a positive PYR reactivity. As noted in Table 
5 both biotypes demonstrate negative reactivity to each of 
these test. In addition, both biotypes demonstrated Group C 
activity when tested serologically which is atypical of 4. 
viridians. S. agalactiae (23107444), which is known to 
produce infectious bovine mastitis, Is a group B 
streptococcus and demonstrates beta hemolysis when grown on 
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5% sheep blood agar. These isolates did not produce beta 
hemolysis when propagated on 5% sheep blood agar. Also, 
Group C activity was noted when tested serologically which 
is a definitive test for S. dysgalactiae (3, 4, 10, 14). 
Kirby-Bauer antibiotic susceptibility testing 
The results of the Kirby-Bauer susceptibility performed 
on 100 isolates are given in Table 7 which provides the 
percentage of $. dysgalactiae isolates classified as either 
susceptible, moderately susceptible or resistant based on 
NCCLS guidelines. S. dysg/alactiae demonstrates a pattern of 
sensitivity to all antibiotics tested except with Kanamycin, 
Neomycin, and Streptomycin. These antibiotics are 
aminoglycides and are recommended primarily for use against 
gram negative and Mycobacterium tuberculosis infections (3). 
MicroScan Susceptibility Testing 
MicroScan susceptibility testing results on the 94 
isolates are given in Table 8 which illustrates the percent 
of S. dys&alactiae isolates classified as susceptible, 
moderately susceptible, or resistant based on MicroScan 
and/or NCCLS guidelines. S. dysgalactiae demonstrates a 
pattern of sensitivity to all antibiotics tested by the 
MicroScan except with Amp/Sulbactam which shows a resistance 
of 95.2%. This antibiotic was excluded from the 
streptococcus antibiogram by MicroScan after 20 isolates had 
been tested. 
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Table 7. Kirby-Bauer Susceptibility Testing Performed at 
Breathitt Veterinary Clinic 
Antibiotic Susceptible Moderate Resistant 
Ampicillin 98.4 0.0 1.6 
Cephalothin 100.0 0.0 0.0 
Clindamycin 96.8 1.6 1.6 
Cloxacillin 96.9 0.0 3.1 
Kanamycin 0.0 0.0 100.0 
Neomycin 0.0 0.0 100.0 
Novobiocin 82.0 14.2 3.1 
Penicillin G 98.4 0.0 1.6 
SXT 98.4 0.0 1.6 
Tetracycline 96.9 0.0 1.6 
Gentamicin 82.6 11.1 6.3 
Erthromycin 93.6 3.2 3.2 
Ceftiofur 100.0 0.0 0.0 
Streptomycin 0.0 1.6 98.4 
Note: Results reported in percent of growth. 
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Table 8. Antibiotic Susceptibility Testing Performed by the D 
MicroScan autoScan Method 
Antibiotic Susceptible Moderate Resistant 
Amikacin 100.0 0.0 0.0 
Amp/Sulbactam* 4.8 0.0 95.2 
Ampici11 in 97.9 0.0 2.1 
Cefazolin 94.7 1.1 4.2 
Cefotaxime 97.9 0.0 2.1 
Ceftriaxone 94.7 1.1 4.2 
Cefuroxime 100.0 0.0 0.0 
Chloramphenicol 97.8 1.1 1.1 
Ciprofloxacin 93.6 0.0 6.4 
Clindamycin 87.2 9.6 3.2 
Erythromycin 91.5 8.5 0.0 
Gentamicin 98.9 1.1 0.0 
Penicillin 89.4 8.5 2.1 
Rifampin 96.8 3.2 0.0 
Tetracycline 95.6 2.2 2.2 
Vancomycin 95.7 4.3 0.0 
Note: Results reported in percent demonstrating growth. 
*Test performed on 20 isolates. 
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Serotyping 
Isolates 1 through 39 were tested serologically for C 
antigen activity at Breathitt Veterinary Clinic and were 
positive. Isolates 40 through 101 were tested serologically 
for group C antigen after storage and found to be positive 
except for isolate 80. This isolate did not survive storage 
and could not to be tested. 
Plasmid analysis 
Analysis for plasmid DNA did not demonstrate the 
presence of bands on any of the S. dys&alactiae isolates. 
Figure 2 is representative of the results obtained from 2 
gels performed at Meharry University in Nashville, 
Tennessee. Figure 3 depicts the results of analysis 
performed at Western Kentucky University. With those 
agarose gels prepared at WKU, a ladder was incorporated to 
estimate the molecular weights of plasmids if present. 
Storage and Propagation 
The ability of the isolates to propagate after storage 
in 5% sheep red blood cells at ~20°C was successful after 
one year. Each stored isolate was subcultured on 5% sheep 
blood agar and incubated for 24 hours at 35°C. All isolates 
except isolate 80 were revived after storage. All 
subcultured isolates demonstrated the same colony 
characteristics on sheep blood agar plates and microscopic 
properties as before storage. 
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Figure 1. Plasmid Analysis performed at Meharry University 
Lane 1, E. faecal is ATCC 14508 ; Lanes 2-14, 
S. dysgalactiae. 
Figure 2. Plasmid Analysis performed at Western Kentucky 
University. Lane 1, E. faecalis 14508; Lane 2-5, 
S. dys&alact iae-, Lane 6, Ladder; Lanes 7-20, 
S. dysgalact iae. 
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DISCUSSION 
Biochemical reactivity 
The MicroScan Pos Combo Type 6 panel provides a rapid 
Identification of many streptococci. This Identification 
system demonstrated biochemical reactions of S. dysgalactiae 
comparable to conventional biochemical reactions performed 
at Breathitt Veterinary Clinic and in literature references 
(Table 9) (11, 20, 23). The two systems tested demonstrated 
a comparison of 90% or greater. NaCI was the only exception 
with MicroScan detecting 14.4% positive and no positive 
revealed by the conventional methods. The discrepancies may 
be due, in part, to differences in incubation time, 
substrate concentration, turbidity of the inoculum, or all 
of the above mentioned. 
Another discrepancy was due to known biotypes already 
in existence in the MicroScan database (Table 6). Since the 
MicroScan was designed for clinical microorganism 
identification, many of the veterinary isolates are not 
listed in the database. Incorporation of additional 
veterinary strains into the MicroScan data base is needed to 
increase accuracy. When microorganisms share the same 
biotype, additional testing can be utilized to increase the 
accuracy of identification (11). For example, the 
additional testing of the biotypes in Table 6 could include 
antigen typing and colony morphology. When bacteria that 
are isolated from mastitic milk are gram positive cocci, 
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Table 9. Comparison of Biochemical Reactions Between the 
Manual Methods, MicroScan Method and Literature 
References 
Substrate Manual MicroScan Literature 
Bile Esculin 
Arabinose 
Raf f iriose 
Lactose 
Trehalose 
6.5% NaCl 
Sorbitol 
Iriulin 
Mannitol 
Ribose 
NT 
NT 
NT 
(81.3%) 
NT 
(85.6%) 
(76.1%) 
+ /-
+ 
+ 
+ / -
+ /-
NT = Not Tested 
+ = Positive 
- ~ Negative 
+/- = Variable results 
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typed as a Group C, and have the cultural characteristics of 
S. dysgalact ia&, the organism should be identified as a S. 
dys era 2 ao t i ae. 
Antibiotic susceptibility testing 
The MicroScan panel provides antibiotic susceptibility 
results in 18 to 24 hours after inoculation of the panel. 
Table 10 includes the comparison of the MicroScan to the 
Kirby-Bauer system and data from a 1990 study performed by 
Owens et al. (10). As expected, MicroScan demonstrated a 
good comparison with the literature reference. The only 
discrepancy noted involved penicillin. As can be seen in 
Table 8, the difference is in the percent of moderately 
susceptible strains reported by MicroScan. The 
classification of moderately susceptible indicates clinical 
applicability when high dosages of the drug can be 
administered or when the organism is not susceptible to any 
other available drug. When comparing MicroScan method with 
Kirby-Bauer method, discrepancies with the interpretation of 
gentamicin and penicillin results were noted. The 
difference with penicillin was in the interpretation of a 
larger percentage of moderately susceptible results detected 
by the MicroScan system. Gentamicin differences were noted 
in the Microscan system detecting a larger percentage of 
bacteria demonstrating sensitivity to the antibiotic. These 
discrepancies may be due, in part, to the dilutions of 
antibiotics, turbidity of the inocolum, interpretation of 
growth or zone size, or a combination of the above. The 
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Table 10. Comparison of Antibiotic Susceptibility Testing 
Between the Kirby—Bauer Method, the MicroScan 
Method and Literature Review. 
Antibiotic Kirby-Bauer MicroScan Literature 
Ampici11 in 98.4 97-9 98.0 
Cephalothin 100.0 NT 98.0 
Erythromycin 93.6 91.5 99.0 
Gentamicin 82.6 98.9 97.0 
Novobiocin 82.7 NT 97.0 
Penicillin 98.4 89.4 98.0 
Streptomycin 0.0 NT 74.0 
Tetracycline 96.9 95.6 91.0 
Vancomycin NT 95.7 100.0 
Note: All results reported in percent susceptible. 
NT = Not Tested 
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comparison with all antibiotics demonstrated an 85% or 
greater agreement between the two systems. The MicroScan 
system could prove to be useful in determining the 
antibiotic susceptibility pattern of S. dysgalactiae 
isolated from bovine mastitis. Antimicrobial susceptibility 
patterns, antibiograms, have been used in both human and 
veterinary medicine as an epidemiological tool (18). The 
patterns appear to be uniform as shown in Table ID. 
Plasmid analysis 
The existence of plasmids in the genus Streptococcus 
was reported in 1972 (17). Since that time, plasmids have 
been discovered in clinical isolates such as Streptococcus 
pneumoniae and in S. agalactiae which is a causative agent 
of bovine mastitis (9, 21). In addition, large plasmids 
have been isolated from the lactic streptococci (1). These 
large plasmids have low copy numbers and require a special 
procedure for recovery. In a 1990 study by Brown and 
Scasserra (7), 73% of S. dysgalactiae isolates, from bovine 
mastitis, demonstrated resistance to multiple antibiotics 
which can be suggestive of plasmids. However, with the 
plasmid analysis performed in this study no plasmids were 
isolated. The lack of plasmid isolation from the thirty-six 
S. dysgalactiae is not affirmative for the absence of 
plasmids in this organism. The absence could be attributed 
to a low copy number and, therefore, not detectable by this 
method. Also, if more strains had been analyzed, plasmids 
may have been detected. As shown in Figures 2 and 3, 
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plasmid isolation is possible with this methodology since 
the E. faecalis positive control demonstrated the presence 
of plasmids. Even though plasmids were not detected in this 
study, a larger number of S. dys&alactiae strains need to be 
tested to confirm the absence of plasmids in this organism. 
Storage 
Most storage methods referenced in the literature for 
streptococci suggest the storage of cells in glycerine and 
at temperatures below -2D°C (13). The method chosen for 
storage, -20°C in 5% sheep red blood cells, was successful. 
Growth did occur after one year of storage, and the 
organisms were resuscitated after incubation on 5% sheep 
blood agar for 24 hours at 37°C. These revived bacteria 
demonstrated the typical cultural characteristics of S. 
dys&alactiae. After being revived, Group C antigen testing 
was performed on isolates 40 through 101 with each isolate 
demonstrating Group C antigenic specificity. Isolate number 
80 did not survive the storage thereby giving a recovery 
rate of 99% for S. dysgalactiae after one year of storage. 
With the isolates demonstrating the characteristic colony 
morphology of S. dysgalactiae and typing as a Group C, the 
storage method had no apparent adverse effects on the 
microorganisms and thus is recommended for future use. 
35 
CONCLUSIONS 
Of the 100 isolates tested by the MicroScan method, 
83.3% were identified as Very Rare Biotype, with acceptable 
biochemical comparisons to conventional testing, and 16.7% 
as genera already listed in the computer database. The 
incorporation of veterinary isolates in the database would 
enhance the use of the MicroScan identification system in 
veterinary medicine. Until more isolates are tested and a 
larger database Is established by MicroScan, it is 
recommended that conventional biochemical methods be used 
for the identification of S. dysgalactiae. 
A total of 94 isolates of S. dysgalactiae was tested 
for antibiotic susceptibility. Of the 9 antibiotics 
compared with the Kirby-Bauer and Microscan methods, an 
86.0% to 94.0% comparison was noted. However, without the 
benefit of the MicroScan identification system, the Kirby-
Bauer susceptibility method was as accurate as the 
MicroScan; results are reportable In the same time frame. 
Thus the use of the Kirby-Bauer method for susceptibility 
testing of S. dysgalactiae is acceptable. 
The plasmid analysis utilized in this study did isolate 
a plasmid from E. faecalis, but none were isolated from the 
S. dysgalactiae tested. However, to be absolutely certain 
that plasmids are not present in S. dysgalactiae, additional 
isolates should be tested. 
The storage of S. dysgalactiae for one year at ~20°C in 
5% sheep red blood cells was successful. The bacteria were 
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revived without difficulty. The cultural and serological 
tests that were performed on S. dyssialactiae confirmed their 
stability and viability. 
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